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GeneMap '98 Features 30,000 Human Genes

complete human gene mapwill sortium was formed in 1994 to con-

be essential to progress toward struct such a map by determining the
a deeper understanding of human locations of expressed sequence tags
biology and disease. Complete ge- (ESTs) relative to a framework of
nomic sequences now existformany well-characterized genetic markers.
organisms with genome sizes onthe The first map to result from this
order of 20 megabases, but the se- effort was the Gene Map of the Hu-
guencing of the 3-gigabase human man Genome, which appeared in
genome will require a number of 1996 and included 16,354 gene-
years to complete. Meanwhile, a based markers.The successor to
human transcript map can serve as a this 1996 transcript map, GeneMap
valuable sequencing and mapping '98,” features 30,261 unique gene
framework. An international con- loci, or about half of the 60,000 to

Cn3D 2.0 Enhances Structural Analysis

3D is a molecular structure

iewer developed at NCBI to
allow users to view protein and
nucleic acid structures from the
Molecular Modeling Database
(MMDB).* Configured as a Web
browser helper-application, Cn3D
can be invoked automatically when
an MMDB format molecular struc-
ture is downloaded. Cn3D 2.0 pro-

tural analysis capabilities. A
BLAST-based alignment feature of
the sequence window aligns im-
ported protein sequences to a struc-
turally anchored master sequence.
In this manner, a protein sequence
for which structural information is
lacking can be mapped to a known
model structure if sequence homol-
ogy between the query sequence and

vides major enhancements over ver- the model exists. Precomputed align-

sion 1.0 by integrating the display of
the 3D structure of a protein or
nucleic acid with a display of its

ments may also be imported.

Anotherimprovementis Cn3D 2.0’s

primary sequence. The program ability to load and display the 3D
accomplishes this by making use of alignments of protein domains cre-
separate sequence and structure win-ated and maintained at NCBI using
dows that are linked in such a way theVAST (Vector Alignment Search
that regions of primary sequence Tool) program. In this case, the se-
can be visually correlated with re- quence window displays the se-
gions of structure. guence alignment that is implied by
the VAST structural alignment.
Cn3D 2.0 also uses the linkage be- These features of Ch3D are high-
tween the structural and the sequence lighted in the examples below.
windows to provide powerful struc- Continued on page 2

80,000 genes thought to be con-
tained in the human genome.

Building GeneMap '98:

Radiation Hybrid Mapping

The process of constructing
GeneMap '98 involved the mapping
of short (typically, only a few hun-
dred base pairs), uniqgue DNA se-
guences, termed sequence tagged
sites (STSs), within a framework of
well-characterized genetic markers
developed by the Genethon Corpo-
ration. The technique used to locate
the STSs within the framework of
genetic markers is known as radia-
tion hybrid (RH) mapping.

Radiation hybrid mapping employs
a panel of human-on-hamster hy-
brid cell lines, each containing its
native hamster genome as well as a
random assortment of human chro-
mosomal fragments. These chromo-
somal fragments are produced by X-
Continued on page 6
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Cn3D, continued from page 1
Mapping a Sequence to a Model Structure

Figure 1 shows a Cn3D rendering of the structure of the soluble domain of
oxidized cytochrome B5 frofBos taurug Within the structure window, the
protein is rendered as a “tubular” model, whereas the prosthetic heme group
is rendered as a “space-filling” modé&he sequence window contains two
cytochrome B5 sequences,
The first sequence is the
master sequence and cor
responds to the protein
structure visible in the
structure window. The sec-
ond sequence is that of cy{
tochrome B5 of the distant
eukaryoteSaccharomyces
cerevisia€ Although the
structure of the yeast pro-
tein is unknown, its se-
guence has been importeg
into the sequence window
of Cn3D and automatically
aligned with thé&os taurus
sequence. Because th
alignmentis good, itis pos-
sible for Cn3D to “map”
the yeast sequence onto the -
Bos taurusstructure. ¢
This has been visual -

ized by coloring the| wa « -
structure byProtein
to produce asolid dar

T Cnamzan
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rendering in the struc

ture window shows a Figure 1. Close-up ofthe heme-binding pocket of bovine cytochrome
dark tubular trace B(PDBcode 1CYO)showing the interaction of conserved residues

with the heme (space-filled structure) group. The alignment of the
where the tWO S_e' 1CYO sequence with a homologous sequence from S. cerevisiae
guences are identicalis shown below.

and a lighter, high-

lighted trace where they differ. This highlighting is reflected in the sequence
window by the light shading of nonconserved residues in the 1CYO sequence.
In this manner, the sequence differences between the two cytochrome B5
proteins have been mapped onto the structure @ddlaaurugprotein.

The mapping reveals that a conspicuous run of conserved residues in the
sequence alignment, “EHPGG” in the two sequences, forms a loop in the
structure of th&os taurusytochrome. This loop contains the leftmost of two
conserved histidines, which are seen “kissing” the central iron of the heme
prosthetic group from opposite sides.
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Viewing a VAST Protein Alignment
A new feature of Cn3D 2.0 is its ability to display the protein domain structura

LICn3D 2.0 Feature Summary

alignments constituting the NCBI VAST database. Figure 2 shows a Cn3
structure window, which displays a rendering of the VAST alignment of twg
5 to 3’ exonucleases, 1TFRnd 1EXN from bacteriophages T4 and T5,
respectively. The proteins are depicted as two partially superimpose
alpha-carbon traces. The
trace for 1TFR is colored
green (lighter shade), and
thatfor LEXN, blue (darker
shade). Two catalytically
critical magnesium ions,
seeninthe 1TFR structure,
are visible as dark spheres.

[ EILEE
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Figure 2 highlights an in-
stance inwhich one crystal
structure complements a
second by providing a
model for regions that are
disordered in the second
structure. The region of
interest is the central re-
gion in the structure win-
dow. The residues in this
region form a helical arch
in the 1EXN structure
(darker trace), which
passes over the central cleft
of the enzyme core. Note the two abnormal termini on either side of the cle
in the light-colored 1TFR trace where the disordered segment lies. It has be
suggested that single-stranded DNA passes through this arch as part of
enzyme’s catalytic mechanistfrom the alignment it may be hypothesized
that the disordered segment of amino acids in 1TFR also forms an arch simi
to that in 1EXN.

Figure 2. Superimposed alpha-carbon traces for 1TFR (light
trace) and 1EXN (darker trace) resulting from a VAST-
generated structural alignment.

Notes

1Hogue, CW, H Ohkawa, and SH Bryant. A dynamic look at structures: WWW-
Entrez and the Molecular Modeling Databa%esnds Biochem S&1(6):226-9,
1996.

2Mathews, FS, P Argos, and M Levine. The structure of cytochrome b 5 at 2.
Angstrom resolutionCold Spring Harb Symp Quant Bi86:387-95, 1972.

3Truan, G, JC Epinat, C Rougeulle, C Cullin, and D Pompon. Cloning and characte

ization of a yeast cytochrome b5-encoding gene which suppresses ketoconaz
hypersensitivity in a NADPH-P-450 reductase-deficient str@iene149:123-7,
1994.

“Mueser, TC, NG Nossal, and CC Hyde. Structure of bacteriophage T4 RNase H, an€n3D 2.0 may be obtained fron

5" to 3 RNA-DNA and DNA-DNA exonuclease with sequence similarity to the
RAD?2 family of eukaryotic proteingell 85(7):1101-12, 1996.

5Ceska, TA, JR Sayers, G Stier, and D Suck. A helical arch allowing single-strandé

DNA to thread through T5'8exonucleaseNature382(6586): 90-3, 1996.m
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DThe following is a summary of the
capabilities of Cn3D 2.0:

Data Input
2dCn3D 2.0 reads MMDB files origi-
nating fromthe NCBI MMDB Web

as a hard disk.

Sequence Alignment

Imported sequences are aligned
the structurally anchored maste
sequence automatically by usin
the BLAST algorithm. Imported
alignments override the automat
alignment function. Alignments
created by Cn3D 2.0 may be e
ported in Text, FASTA, FASTA+
gaps, Phylip, and ASN.1 SegAlig
files.

Rendering
Structures may be rendered in sta
dard modes such as the “cylind
and plank” secondary structura

space-fill, ball and stick, or alpha
carbon trace representations.

Color Schemes
Molecule-coloring schemes in

ftresidue, hydrophobicity, CPK
epolor, and temperature factor.

th8esidue Labeling
Residues may be labeled at seve
apredefined intervals with one-lette
orthree-letter codes. Chain termi
may also be labeled.

Animation

imposed structures, as in the ca
of VAST neighbors or NMR en-
sembles, Cn3D 2.0 shows
O“movie” that highlights conserveq
features.

"Operating Systems
olen3D 2.0 is available in version
compiled for Windows, Mac-OS

http://www.ncbi.nlm.nih.gov/
Structure/cn3d.html.

server or from a local source, su¢

representation, the wire frame

clude coloring by secondary struc
ture, structural domain, molecule

By cycling rapidly through supert

Linux, and several Unix platforms.
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able at http://www.ncbi.nlm.nih

2dAn online manual for Cn3Dis avail-

gov/Structure/cn3dhelp.html.




PHI-BLAST: Motif-Constrained Sequence Similarity Searches

he blastp algorithm finds
matches between a protein query

from a PHI-BLAST search is pre-
sented in the PSI-BLAST (Position-

sequence and sequences from a da-Specific Iteratedformat and can be

tabase. In such a scheme, hypoth-
eses as to the biological function of
the query are not incorporated into
the search strategy. Such hypoth-
eses, however, have the potential to
focus a similarity search on a small

used to construct a position-specific
profile for use in a subsequent PSI-
BLAST search.

Construction of the Seed Pattern
The seed patterns used by PHI-

subset of database sequences andg|AST must be expected to occur

thereby draw attention to subtle simi-
larities, with the added benefit of
reducing computational loads. Pat-
tern Hit Initiated (PHI) BLAST
implements an “hypothesis-driven”
search strategy by restricting a
BLAST search to those protein se-
guences within a database that con-
tain a specified pattern, or motif.

Following the link to PHI-BLAST
from NCBI's main BLAST form
leads to a Web form that is similar in
layout to the Basic and Advanced
BLAST forms but differs from these
in that it requires as input both a

less frequently than once per 5,000
database residues; any pattern with
four fully specified residues satis-
fies this constraint. Patterns are con-
structed using one-letter amino acid
codes and following the PROSITE
database syntax for the specifica-
tion of ambiguity. As an example,
the pattern

[LIVMF]GEXRVX(5,11)ATX(5)GKS

translates as “Any one of L,1,V,M,
or F, GE, any residue, RV, 5to 11
ambiguous residues, AT, 5 ambigu-
ous residues, GKS.”

protein query sequence and a query An Example: Apoptosis and
seed pattern. This seed pattern must Plant Disease Resistance

occur at least once in the query se-
quence.

The utility of PHI-BLAST can be

The hypothesis that the P-loop motif
is of biological significance can be
exploited by conducting a PHI-
BLAST search using this motif,
specified as [GA]xxxxGK[ST], as
the query seed pattern. This PHI-
BLAST search finds the match to
Apaf-1 noted above as well as a
second statistically significant match
to the CED4 query sequence with an
expectation value of 0.035. This new
match is to thérabidopsis thaliana
protein T7N9.18 (PID 2213598), a
plant disease-resistance protein.
Thus, although the link between the
C. elegan<CED4 protein and plant
disease-resistance proteins can be
made through Apaf-1 using Gapped
BLAST, this link can be made di-
rectly using PHI-BLAST.

Stand-alone PHI-BLAST

Stand-alone PHI-BLAST is imple-
mented within the program blastpgp.
This programis found inthe BLAST
archives for Windows and Unix plat-
forms at ftp://ncbi.nlm.nih.gov/
blast/executables/.

seenin the case of the analysis of the Notes

Caenorhabditis elegangrotein

1Zhang, Z, AA Schaffer, W Miller, TL

The PHI-BLAST Search Srategy ~ CED4 (PID 231729), a regulator of 1 1den DJ Lipman, EV Koonin. and

Each instance of the seed pattern Programmed celldeath, orapoptosis. s ajtschul. Protein sequence similar-
found in a database sequence is first A Gapped blastp search of the nr jty searches using patterns as seeds.

matched with each instance of the (nonredundant) database using the Nucleic Acids Re26, 3986-90, 1998.
pattern found in the query sequence. sequence of CED4 asthe queryyields [Follow the Referencelink from the

PHI-BLAST then attempts to con-
struct an optimal local alignment

a statistically significant match to a
single protein, Apaf-1 (PID

PHI-BLAST page to read this paper
online.]

including and extending outward 2961373), a human apoptosis regu- *jtschul, SF, TL Madden, AA Schaffer,

from each seed pattern match. The

lator with similarities to plant

J Zhang, Z Zhang, W Miller, and DJ

quality of the resulting alignment is disease-resistance proteins. Hence aLipman. Gapped BLAST and PSI-

evaluated in a manner similar to that

tenuous link between th& elegans

BLAST: a new generation of protein

for a Gapped BLAST alignmentand CED4 apoptosis regulator and plant database search prograrsicleic Ac-
is expressed as an expectation value. disease-resistance proteins is sug- ids Res25:3389-402, 1997.

By coupling a pattern search to a gested. This link can be made di- °Bairoch, A, P Bucher, and K Hofmann.

local alignment of measurable sig-
nificance, PHI-BLAST allows the
importance of a motif found in a
target sequence to be evaluated
within the context of the surround-
ing sequence. The output resulting

4

rectly with PHI-BLAST, however,
by making use of the observation
that the sequence of CED4 contains
a P-loop motif characteristic of a
variety of ATPases.

The PROSITE database, its status in
1997. Nucleic Acids Re5:217-
21,1997. =
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Submitting Identical Sequences from
Multiple Sources to GenBank

GenBank submissions for sets of multiple sequences are on the ris
accompanied by questions about how to submit them. These submissic
include identical, or nearly identical, sequences from a single gene obtain
from different sources (e.g., different specimens, isolates, strains, geograp
regions) or as part of a population, phylogenetic, or mutation study. Whe
submitting such sequencegsepare a separate GenBank record for each
strain, isolate, or individual in the sethe multiple sources should not be
documented as part of a single, merged sequence record.

GenBank is an archival database in which each entry constitutes the recorg
an independent sequencing experiment. If two such experiments result
identical data, then each experimental resultis recorded separately in GenB
under a unique accession number. No attempt is made to reduce redunda
by merging sequence records. This system of record-keeping is analogous
the system used by most scientists to document their experiments and enst
that no information is lost.

In studies involving multiple sequence sets, each sequence represent
different experiment, which should be documented in GenBank. Itis scientif
cally useful to know that the described sequence is found to be identical (
nearly so) in different isolates of the same organism or in various population
and to keep track of the number of times the sequence is represented i
population.

Sequin is the best program for submitting multiple sequence sets, althou
Banklt can also be used (http://www.ncbi.nim.nih.gov/Banklt/). Sequin ali
lows you to represent a sequence set specifically as a phylogenetic, popu
tion, or mutation study. Sequin also facilitates making extensive annotation
Biological features are annotated on a single master record in the sequence
and then automatically propagated to the other members of the set. Ti
propagation of features is possible through the alignment of the sequences
is, therefore, as simple to use Sequin to prepare hundreds of sequences
submission as itis to prepare a handful. To learn more about Sequin, see htt
www.ncbi.nim.nih.gov/Sequin/. =

Authorin No Longer Accepted by GenBank

GenBank has been phasing out use of Authorin as a data submission t
or the past 2 years. Currently, less than 1% of all GenBank submissio
are made using Authorin. Effective January 1, 1999, Authorin submissior]
will no longer be accepted.

Submitters are requested to use Banklit on the Web or Sequin, a stand-al
program for PC, Macintosh, and Unix platforms, for both new submission
and database updates. Bulk submissions of EST, STS, and GSS sequences
continue to be handled by customized submission forms available via tk
NCBI home page. Procedures for HTG submissions will continue to b
customized for each high throughput sequencing cenier.

Selected Recent
Publications by
NCBI Staff

Altschul, SF. Generalized affine gaf
costs for protein sequence alignme
Proteins32(1):88—-96, 1998.

Aravind, L, DD Leipe, andEV Koo-

nin. Toprim-a conserved catalytic do-

main in type IA and Il topoisomerase

DnaG-type primases, OLD family ny-

cleases and RecR proteihicleic Ac-
ids Res26(18):4205-13, 1998.

Baxevanis, A, an®8FF Ouellette, eds.
Bioinformatics: A Practical Guide ta
the Analysis of Genes and ProteiNew
York: John Wiley & Sons, 1998.

Ermolaeva, O, M RastogkD Pruitt,
GD Schuler, ML Bittner, Y Chen, R
Simon, P Meltzer, JM Trent, ardS
Boguski. Data management and anal
sis for gene expression arraisit Genet
20(1):19-23, 1998.

Galperin, MY, DR Walker, and EV
Koonin. Analogous enzymes: indeper
dent inventions in enzyme evolutior
Genome Re8(8):779-90, 1998.

Kulaeva, Ol, EV Koonin, JC Woot-

ton, AS Levine, and R Woodgate. Urn
usual insertion element polymorphisn
in the promoter and terminator regior
of the mucAB-like genes of R471a arn
R446bMutat Reg897(2):247-62, 1998

Makalowski, W, and MS Boguski.
Evolutionary parameters of the tra
scribed mammalian genome: an anal
sis of 2,820 orthologous rodent and h
man sequenceBroc Natl Acad Sci USA
95(16):9407-12, 1998.

Wilbur, WJ. Accurate Monte Carlg
estimation of very smalP-values in
Markov chains.Comput Statl3:153—
68, 1998.

Yedavalli, VR,C Chappey,and N Ah-
mad. Maintenance of an intact hum
immunodeficiency virus type 1 vpr gen

following mother-to-infant transmission.

J Virol 72(8):6937-43, 1998.

Zhang, Z, AA Schaffer, W MillerTL
Madden, DJ Lipman, EV Koonin,and
SF Altschul. Protein sequence similar
ity searches using patterns as see
Nucleic Acids Re®6(17):3986-90,

1998,
XX/

I
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GeneMap '98continued from page 1

ray irradiation of human genomic
DNA to produce random, radiation-
induced breaks inthe chromosomes.
Two such hybrid cell panels have
been employed to create GeneMap
'98: the GeneBridge 4 (GB4) panel
and the Stanford G3. The two RH
panels complement one another in
that GB4 provides greater long-range
continuity, whereas G3 provides in-
creased map resolution.

The location of an STS is deter-
mined by performing a set of poly-
merase chain reaction (PCR) assays
using the primer pair associated with
the STS in question and the DNA
isolated from each of the various
cell lines constituting a radiation
hybrid panel. If the target STS is
presentwithin the human DNA frag-
ments isolated from a particular cell
line, a PCR product of the correct
length is observed. In this case, the
marker is said to be “retained” within
the DNA of the cell line yielding the
correct PCR product.

The STS is mapped by performing a
statistical comparison of its pattern
of retention within the cell lines con-

stituting the RH panel with the re-
tention patterns arising from other
STSs.

Reading the Map

A row of hyperlinks running across
the top of the GeneMap '98 page
provides a path to each of the 22

sites within the interval. The table
consists of a list of markers given in
the order in which they are found
within the selected interval. The lo-
cation of each markerthat appearsin
the Genethon genetic map is given
in centimorgans (cM). An associ-
ated LOD (log odds) score provides

human autosomal chromosomes as @ measure of the confidence with

well as to the X chromosome. The Y

which the location of the marker is

chromosome is not represented be- known. Hyperlinks to more infor-

cause the GB4 RH panel was
constructed using a female (XX) ge-
nome. Following the link to chro-
mosome22, for instance, leads to an
ideogram of chromosome 22 with
labeled G-bands as shown in Figure
1. This chromosomal view will be
referred to as the “map view.”
Aligned to the left of the chromo-
some graphic are depictions of the
G3 RH, the GB4 RH, and the

mation on particular markers and
short descriptions of the markers are
also included.

Application

GeneMap '98 will provide a scaf-
fold on which to mount the large-
scale sequencing data being gener-
ated daily as the sequencing of the
human genome progresses. The map
will also accelerate the pace of the

Genethon Genetic maps, as well as a discovery of human disease genes

histogram of gene density along the
chromosome. The common frame-

by positional cloning. In the year
following the publication the 1996

work markers that have been usedto Gene Map of the Human Genome,
integrate these three independent forinstance, theisolation of 16 genes

maps are connected with lines in the
map view and divide the chromo-
somes into discrete intervals.

RH Map
GB4 G3

Genetic  Gene
Map  Density

The interval shown is on the G3 map

See also: eguivalent interval on GB4 map

Abowt This Interval
Top of interval: D225420 (0.0 chd)

D2251144 (22.2 ch)
22 chd

Bottom of interval:
Genetic zize of hin:

Fhysical size of bin: 557 cRioooo

Chromosome 22: D225420-D2251144

ldeagram

The initial interval dis-
played when first select-
ing a chromosome is the
p-terminal (upper) inter-
val on the GB4 RH map.
To display the second
interval on the G3 map,
shown in Figure 1, click
on the G3 line between
the first and second
framework lines. The
selected interval is high-
lighted in the graphical
display by a thick line
(red inthe Web graphic),
as shown in the figure.

Beneath the chromo-
somalideogramisatable
providing detailed infor-

Figure 1. Graphical overview of chromosome 22 in GeneMap '98.

6

mation on the mapped

by positional cloning techniques was
reported. Of these 16 genes, 7 had
already been isolated as ESTs and
mapped at the time of their cloning.
GeneMap '98 now includes map-
ping information for 11 of these 16
genes.

GeneMap '98 can be reached by
following the Gene Map of the
Human Genomelink from NCBI's
home page. A link to the 1996 Hu-
man Transcript Map is provided on
the GeneMap '98 page. The
GeneMap '98 map data files are
available at ftp://ncbi.nlm.nih.gov/
repository/genemap/Oct1998/.

Notes

1Schuler, GD, et al. A gene map of the
human genomeScience274:540-6,
1996.

2Deloukas, P, et al. A physical map of
30,000 human geneScience744-6,
1998. =
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dbSNP: A Database
of Single Nucleotide
Polymorphisms

Using the Genes and Disease Web Site

The Human Genome Project is now on target to map and sequence the
whole of the human genome by 2003. When complete, it will serve as

a blueprint for the molecular biology of human life. GeneMap 98,

described on page 1 of this issue, is a forerunner to this complete sequencengle nucleotide polymorphisms

map; it defines the locations of 30,000 clusters of identical ESTs (small SNPs) are the most common

pieces of expressed genes). Each cluster represents a human gene, and sgyriations in the human genome
about half of all human genes are on GeneMap '98.

occurring once every 100 to 300

Many human diseases are known to be caused by mutations in one or moreP2S€ pairs. Because of the volume of
genes. As an accompaniment to GeneMap '98, the Genes and Diseasedata represented by SNPs, a data-
Web site (available as a link from GeneMap '98 to http:// base of SNPs is expected to greatly
www.nchi.nlm.nih.gov/disease/) provides overviews of about 60 human facilitate large-scale associative ge-
diseases for which the involvement of a specific gene(s) is indicated. netics studies concerned with the

_ , linkage between sequence variation
The diseases on the Genes and Disease page are grouped by chrom somgﬂd heritable phenotypes. In col-

location as well as by their biochemical and physiological characteristics. laboration with the NIH National
Genetic disease categories include cancer, nervous system, and metabo- .
lism, as well as several others. Following fdetabolism link, for Human Genome Research Institute,
example, leads to a synopsis of metabolic disorders including links to nine NCBI has established dbSNP as a
specific metabolic disorders. A click on the second diseaseAthkero- central, public, repository for SNP
sclerosis produces a description of the symptoms and what is known of data as well as for data on short
the genetic origins of the disease. For example, a protein called insertions or deletions. The data-
apolipoprotein E, whose gene resides on chromosome 19, is implicated in pase includes information on se-

atherosclerosis. quence variations within individuals
To the left of the entry for atherosclerosis are links to other resources, gnd populations as we_II_as descrip-
including GeneMap '98, PubMed, sequences in GenBank, and OM|M. tions of the assay conditions used to
These links provide access, respectively, to the human chromosomal map detect each variant. Systems for the
in the environs of the apolipoprotein E gene, literature references to integration of dobSNP with other ge-
apolipoprotein E, the GenBank sequence record for apolipoprotein E,and nomic data at NCBI, including
the OMIM entry for atherosclerosis. GenBank, are also under develop-

ment.

~

the

ﬁzr]edbSNP is accessible under “What’s

By using the links to individual chromosomes provided at the top of
page, it is possible to survey human genetic disease by chromosome
link to chromosome 1 provides a graphical representation of chror

somes 1 to 4. The chromosomes are drawn to scale and include th
bands familiar to cytologists and geneticists. Disease loci are labele
hyperlinks positioned so as to indicate the map location associated wit
disease-causing gene. Following one of these hyperlinks leads to the

e g-New”on the NCBI home page. SNP
d as Sequence submissions are now be-

hthe iINg accepted via e-mail to snp-

pagesub@ncbi.nim.nih.gov. Information

on how to submit SNP data is avail-
able fromthe dbSNP home pagea

Organism Filters and Greater Flexibility Added to BLAST

he Advanced BLAST service

available on the Web now al-
lows greater flexibility in the use of
the BLAST server. Using a new in-
put box, it is possible to limit a
BLAST searchto sequences belong-
ing to a particular organism or taxo-
nomic group by typing in a genus
and species or a group name. An
accompanying list box provides a
selection of prominent organisms

describing the diseases

from which to choose. The new page
also offers a choice between the de-
fault BLOSUM®62 comparison ma-
trix, two additional BLOSUM com-
parison matrices, and two PAM com-
parison matrices. A check box now
provides a means to toggle between
gapped and ungapped alignments.
Blastx users will find a list box al-
lowing a selection from 13 genetic
codes useful.

BLAST output options have also
been extended. A list box now pro-
vides a selection of four multiple
alignment schemes, called master-
slave alignments, in addition to the
traditional pairwise BLAST align-
ment format, which is still the de-
fault. Try out the new Web BLAST
via theAdvanced BLAST link on
NCBI's BLAST Web page at http://
www.ncbi.nim.nih.gov/BLAST/. =
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GenBank Tops Two Billion Base Pairs as NCBI Marks 10th Anniversary

enBank broke the two billion

base pair threshold with the Oc-
toberrelease of GenBank 109.0, just
14 months after hitting the one bil-
lion base pair mark in August 1997.
These billions of bases are contained
in 2.8 million GenBank records.

This GenBank milestone came just
in time for the 10th anniversary of
NCBI. Established by Public Law
100-607 on November 4, 1988,
NCBIwas charged with a mission to
create and facilitate use of auto-
mated systems for storing and ana-
lyzing molecular biology data and
to conductresearch in computational
molecular biology. It assumed re-
sponsibility for GenBank in 1992.

In the database development arena,
NCBI set out to provide integrated
access to molecular biology infor-
mation, beginning with the impor-

tant step of incorporating translated
protein sequences into GenBank as
anintegral part ofthe DNA sequence
record. Parallel goals were to de-
velop effective sequence analysis
tools and to organize and consoli-
date data in ways that facilitate re-
search. Development of the Entrez
retrieval system provided a flexible

and powerful platform for expand-

ing integrated access to 3D

views of the underlying data and
enhance the usefulness of data re-
sources to the research community.

In the research arena, NCBI has as-
sembled a multidisciplinary group
of intramural investigators to con-
duct research in computational mo-
lecular biology and text retrieval. In
addition to their contributions to
basic science, these investigators

structures, genome mapping data, a Serve as a wellspring of new meth-

phylogenetic taxonomy, and the pub-
lished literature. The BLAST se-
guence analysis programs have un-
dergone continued development
since the original algorithm was
published in 1990 and are used ex-
tensively worldwide. Databases such
as UniGene, GeneMap '98, and Clus-
ters of Orthologous Groups are the
result of significant research on data
organization, consolidation, and
analysis. They provide meaningful

ods for applied research activities.
Areas of concentration include gene
organization and genome analysis,
biomolecular structure modeling and
prediction, theory of sequence analy-
sis, and statistical approaches to text
retrieval.

In the coming years, NCBI looks
forward to expanding its genomic
data resources as the pace of discov-
ery continues to increasem
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